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Summary 
Bridge-borne low-frequency noise has aroused a general interest of many researchers since it 
forms an important contribution to the rail traffic noise annoyance. Only a single span bridge 
model was developed to simulate the structure-borne noise in most of the existing literature, which 
ignores the sound pressure radiating from adjacent spans. This paper presents a two-and-a-half 
dimensional (2.5D) boundary element method (BEM) based procedure to predict the multi-span 
bridge-borne noise induced by moving vehicles. The proposed 2.5D model reduces significantly 
the computational time compared with the three dimensional (3D) BEM. The numerical results 
match the measured results in both time and frequency domain, regardless of the distance between 
bridge and measurement points. It is concluded that sound radiating from all the segments of 
multi-span bridges should be included when predicting the far-field sound pressure. 
PACS no. 43.40Rj, 43.40.At 
 
1. Introduction1 
Low frequency noise has been found harmful to 
human health and well being. A lot of researchers 
have focussed their efforts on the low frequency 
structure-borne noise problem since it is difficult 
to control. The three-dimensional (3D) boundary 
element method (BEM) has been extensively used 
in structure-borne noise prediction [1,2,3]. Zhang 
et al. [1] presented a numerical procedure to 
simulate the concrete bridge-borne noise by 
applying 3D BEM in the frequency domain and 
vehicle-bridge coupling vibration analysis in the 
time domain. Li et al. [3] proposed the acoustic 
transfer vectors (MATVs) method to predict the 
bridge-borne noise, which was appropriate for the 
parametric analysis. However, it is time 
consuming to apply the 3D BEM to compute the 
MATVs. In our previous work [4], we presented a 
2.5 dimensional (2.5D) BEM to calculate the 
MATVs of the bridge, with much higher efficiency, 
yet no loss of accuracy. However, the numerical 
results only agree well with the measured results at 
near-field points; the computed sound pressures 
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are smaller than the measured ones at far-field due 
to the neglect of sound radiation from adjacent 
spans, which is similar as shown in Ref.[2]. In this 
paper, we extend our work on multi-span bridge-
borne noise prediction using the 2.5D BEM. First, 
the MATVs of a three span rail transit U-shaped 
bridge are obtained using the 2.5D BEM. Then, the 
dynamic response of the vehicle-train-bridge 
system is calculated. Finally, the MATV method is 
used to predict the bridge-borne noise, and the 
simulated sound pressure is compared with 
measured one. 
 
2. 2.5D BEM theory 
The 2.5D BEM theory is briefly introduced, with a 
boundary element (BE) model shown in Fig. 1. 
The 3D Helmholtz equation can be written in the 
form of velocity potential [5],  
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whereˆ is the velocity potential for the fluid, ( )q r  
are the fluid sources, and k is the wavenumber. 
Applying a spatial Fourier transform along the z 
direction to Eq. (1) in the absence of no sources 
yields the 2D Helmholtz equation, 
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where 
zk is the wavenumber in z direction, and 
 is the Fourier transform of ˆ .  
The sound pressure, ( )zp k , and the component of 
the fluid particle velocity orthogonal to the 
structure surface, ( )zv k  on the surface of the 
structure and in the Fourier domain are given by, 
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where  is the fluid density, n is the coordinate in 
the direction orthogonal to the surface, and  is 
the angular frequency. 
 
 
 
 
 
 
 
 
 
 
Figure 1. Geometry of boundary element model. 
 
The 2D result ( )zp k can be derived from the 
combination of Eqs.(2) and (3) using 2D BE model. 
Then, the 3D sound pressure pˆ generated by one 
surface velocity point located at ( , , )s s sx y z can be 
easily calculated after an inverse Fourier transform, 
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3. Bridge-borne noise prediction 
3.1. Vehicle-track-bridge interaction analysis 
The modal superposition method proposed by Li et 
al.[6] can be used for analyzing vehicle-track-
bridge interaction. The equations of the vehicle-
track-bridge systems’ motions can be expressed as 
follows, 
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where q , Φ  , ω  , ξ  , and f  are the modal 
coordinate vector, modal shape matrix, modal 
frequency matrix, modal damping matrix, and 
force matrix, respectively; the subscripts v , t , and  
b stand for vehicle, track, and bridge models, 
respectively. The linear/nonlinear spring elements 
and dashpot elements in the coupled vehicle-track-
bridge system are treated as pseudo-forces so that 
the vehicle, track and bridge subsystem can be 
modeled separately. The force matrix f represents 
the combination of the pseudo-force vector 
produced by these springs and dashpots, and the 
wheel-rail contact force vector. 
3.2. MATV algorithm 
The bridge-borne sound pressure spectrum ( )P ω  
can be predicted using the MATV algorithm [7], 
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where ω  is the angular frequency vector; 
( )ATV ω is the acoustic transfer vector, which 
relates the sound pressure at field points  to normal 
surface velocity of the bridge; ( )bQ ω  is the modal 
coordinate spectra; bΦ is the mode shapes; and 
nT is the matrix projecting these mode shapes to 
outward normal direction displacement of the 
bridge surface. 
The MATVs of the 3D bridge model can be 
obtained using the aforementioned 2.5D BEM; for 
details, see Ref.[4]. The sound pressure spectrum 
can be obtained from Eq. (6) after ( )bQ ω and 
( )MATV ω are computed, and an inverse Fast 
Fourier Transform (IFFT) can be applied to obtain 
the time history of the sound pressure. 
 
4. Case study 
A simply supported U-shaped concrete girder was 
adopted in Shanghai elevated metro line 8, as 
shown in Fig. 2. The webs and bottom slab of the 
bridge are 240 mm thick, with a standard span of 
25m. Five microphones were installed at the mid-
span of the test bridge to measure the sound 
pressure, as shown in Fig. 3 
 
 
 
 
 
 
Figure 2. Geometry of the U-shaped girder (unit: mm). 
  
 
 
 
 
 
 
 
 
Figure 3. Microphone installation at mid-span. 
 
Figure 4. Computed and measured sound pressure of multi-span bridges: (a) time histories, P1; (b) spectra, P1; (c) 
time histories, P2; (d) spectra, P2; and (e) time histories, P5; and (f) spectra, P5. 
 
4.1. Bridge and vehicle model 
The vehicle in the field test comprised seven 
passenger cars, configured by one trailer, five 
motor cars, and a trailer in sequence. The detailed 
parameters of the vehicles can be found in Ref.[3]. 
The piers are not modeled in this paper because 
the influence of the piers on bridge vibration and 
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noise above 32Hz was insignificant. Thus, multi-
span bridges can be treated as identical single span 
substructure. A single U-shaped girder with 
simply supported boundary conditions was 
modeled in the ANSYS software by the eight-node 
solid element. A modal analysis was then 
conducted, with the modal frequency ranging from 
4.36Hz to 231.16Hz. All of the 126 modes were 
extracted for the vehicle-track-bridge interaction 
analysis and the corresponding MATVs were 
computed. 
4.2. Multi-span bridge borne noise 
A three span bridge model was developed and the 
bridge-borne noise was simulated using the 
aforementioned 2.5D BEM. The concrete girder 
and ground are assumed to be acoustically 
perfectly rigid. The computed structure-borne 
sound pressures were compared with the measured 
ones, as shown in Fig.4. It can be seen that the 
simulated and measured results agree well in both 
time and frequency domain, regardless of near- or 
far-field points. It should be noted that the 
numerical results at far-field points increased 
significantly compared with the results obtained 
from the single span bridge model in Ref.[4], and 
the simulated results using the three span bridge 
model match better with the measured ones, 
especially at far-field points.  
The unweighted equivalent continuous sound 
pressure level on the pass-by time is used to 
evaluate the bridge-borne noise level. The sound 
pressure levels under 200Hz obtained from 
simulation and measurement were listed in Table I. 
Table I shows that the single bridge model can be 
used to predict the structure-borne noise at near-
field points with high accuracy. However, the 
simulated results calculated from the single span 
model are smaller than the measured results at far-
field points because the influence of adjacent span 
bridge on the sound radiation is more significant at 
far-field points. In contrast, the three span bridge 
model can predict the far-field pressure with 
higher accuracy. 
 
5. Conclusions 
A 2.5D BEM-based procedure was presented to 
predict the low-frequency bridge-borne noise for 
both single span and three span bridge models. 
The simulated sound pressures are compared with 
measurements. The conclusions of the study in 
this paper can be drawn as follows: 
(1) The influence of adjacent spans on the sound 
pressure prediction for near-field points is 
insignificant. The single span bridge model can be 
adopted to simulate the near-field pressure. 
(2) The simulated sound pressures using the three 
span bridge model agree well with its measured 
counterparts for both near- and far-field points. 
The sound pressure radiating from multi-span 
bridges should be included when predicting the 
far-field sound pressure.  
(3) The effect of ground reflection is insignificant 
at near-field points, but the influence should be 
considered for far-field points. 
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